Objective: Threat perceptions in the emergency department (ED; e.g., patients' subjective feelings of helplessness or lack of control) during evaluation for an acute coronary syndrome (ACS) are associated with the development of posttraumatic stress disorder (PTSD), and PTSD has been associated with medication nonadherence, cardiac event recurrence, and mortality. This study reports the development and validation of a seven-item measure of ED threat perceptions in English-and Spanish-speaking patients evaluated for ACS.
P atients' experience of medical care received while in the emergency department (ED), in terms of both objective experience (e.g., crowding) and subjective experience (e.g., emotional reactions), has significant downstream consequences. For example, patients who report overcrowding in the ED during an evaluation for acute coronary syndrome (ACS) are more likely to develop subsequent cardiac-induced posttraumatic stress disorder (PTSD).
1,2 Similarly, ACS patients' self-reported perceptions of feeling threatened by the ACS event during ED evaluation (e.g., feeling vulnerable, feeling out of control, or feeling that the event will have a big impact on their life) are significantly associated with cardiac-induced PTSD symptoms during inpatient stay and one month after discharge. [3] [4] [5] [6] Cardiac-induced PTSD occurs in approximately 12% of ACS patients 7 and is associated with a variety of negative outcomes. A recent meta-analysis found doubled risk for recurrent cardiovascular events and mortality in patients with cardiac-induced PTSD, 7 perhaps in part due to the association of PTSD with nonadherence to secondary prevention medications. [7] [8] [9] [10] [11] Collectively, this broad body of evidence suggests that patients' ED experience can impact key psychological, behavioral, and cardiovascular outcomes long after they are discharged.
Indeed, a substantial body of literature suggests that feeling threatened-including feelings of helplessness and vulnerability (i.e., "threat perceptions")-during a traumatic experience is one of the most powerful predictors of future PTSD. 4, 5, 7, 12, 13 Usually, traumatic events occur in places where interventions to reduce individuals' threat perceptions are unimaginable, such as combat zones or private homes. In the case of cardiac-induced PTSD, however, in which patients evaluated for ACS are often cared for in the ED, clinicians have the unique opportunity to identify patients with elevated threat perceptions who are at risk for adverse psychological outcomes and, potentially, intervene to modify experiences of the traumatic event.
14 Yet, no instrument to date has been validated to help emergency providers assess patients' threat perceptions during ED evaluation for acutely life-threatening cardiovascular events. To begin developing ED-based interventions that may prevent stress-related adverse psychological and cardiovascular outcomes, it is critical to identify patients who are at risk of developing cardiac-induced PTSD early in the care continuum. Identifying patients who are vulnerable to developing cardiac-induced PTSD early in the care continuum could inform theory-based interventions that target these patients at the point of contact. This goal of this study was therefore to report on the development of a brief self-report measure that captures patients' threat perceptions during ED evaluation for ACS (e.g., feeling vulnerable or out of control) that can be utilized in both English-and Spanish-speaking patients. We conducted exploratory factor analysis (EFA) to identify a unidimensional scale and confirmatory factor analysis (CFA) to establish measurement invariance across English-and Spanish-speaking patients. We then estimated internal consistency and stability (over a median of 4 days) and examined convergent validity by assessing the association of subjective ED threat perceptions with other ED factors and ED perceptions (both more objective and subjective; i.e., crowding, stress) and predictive validity by assessing its association with subsequent cardiac-induced acute stress and PTSD symptoms. We expected ED threat perceptions to be positively associated with, yet distinct from, patients' perceptions of the ED as stressful and crowded. We further expected ED threat perceptions to be positively associated with cardiacinduced acute stress symptoms and cardiac-induced PTSD symptoms.
METHODS

Procedure
Data were drawn from an observational cohort study of patients evaluated for ACS (non-ST elevation myocardial infarction [NSTEMI] or unstable angina [UA] ) between 2013 and 2016 at the New York Presbyterian Hospital (NYP) ED (REactions to Acute Care and Hospitalization [REACH] ). Trained research assistants were present in the ED for 70+ hours/week, including weekend and evening hours, to enroll participants and collect ED data. Potentially eligible participants were identified via the ED electronic track record and approached in the ED by trained research assistants. Upon confirming eligibility, patients provided informed consent and completed a brief interview at ED assessment. Specifically, patients were told "We are doing this research to test whether aspects of the ED are related to your level of stress during and after treatment, and whether your stress levels are related to your long term health after you leave the hospital." Medical record numbers were used to track transfer to inpatient care, where patients completed a second interview to report on acute stress disorder symptoms related to the acute cardiovascular event and recalled threat perceptions (this was completed by phone if discharged prior to inpatient interview; median 4 days after enrollment; first quartile = 2.0, third quartile = 9.0, interquartile range [IQR] = 7.0). All participants completed a phone interview for PTSD related to the acute cardiovascular event at 1 month postdischarge (median = 45 days after enrollment; first quartile = 33.0, third quartile = 72.0, IQR = 39.0). Study procedures were approved by the Columbia University Institutional Review Board (IRB).
Participants
Participants were a consecutive sample English-and Spanish-speaking patients 18+ years of age who presented to the NYP ED with an admitting diagnoses of NSTEMI or UA. Exclusion criteria included: 1) terminal noncardiovascular illness with life expectancy < 1 year, 2) severe mental illness requiring urgent psychiatric hospitalization or intervention, 3) significant cognitive impairment, 4) known alcohol or substance abuse that would impede ability to complete study protocol, and 5) unavailable for follow-up. Due to IRB restrictions regarding data collection, precise data on patients who did not enroll (i.e., those approached) were not collected.
Measures
Item Generation for Assessment of ED Experience. An initial pool of 12 items assessing patient perceptions of the ACS event were generated based on a meta-analysis of predictors of PTSD (see Table 2 for all items; 13 e.g., "I am worried that my symptoms are severe," "I feel helpless"). All items were translated into Spanish and back-translated by a certified translator and were rated using a four-point Likert scale: 1 = not at all, 2 = a little bit, 3 = moderately, and 4 = extremely.
Data Analysis
Differences between patients completing inpatient/telephone follow-up and 1-month assessments (vs. those who did not) were examined using independent samples t-tests and chi-square analyses, as appropriate.
Convergent Validity and Factor Structure. To establish measurement structure, we first conducted an EFA on the 12 items assessed at ED bedside. We specified principal axis factoring and oblimin rotation in SPSS and explored one-, two-, and three-factor solutions. Oblimin rotation was selected because factors are often correlated in real-world settings, and this allows for a better and more reproducible representation of the factor structure. 15 The EFA was followed up using a CFA specified using the lavaan package in R to examine measurement invariance across English-and Spanish-speaking participants. To test invariance, we examined fit indices to see how well the specified model fit the data when constraining scale items to be equal across groups (i.e., English-and Spanish-speaking participants). We chose to examine fit indices (which take into account total sample size) because, when the sample size is large, chi-square difference tests for model fit are often significant even when models are in practice equivalent across groups. [16] [17] [18] A sample size of N = 1,000 is sufficient for stable and valid results when conducting factor analysis. 19 Both internal consistency and stability of ED threat perceptions were tested using reports at ED assessment and at inpatient follow-up a median of 4 days later (first quartile = 2.0, third quartile = 9.0, IQR = 7.0). Internal consistency is reported using Chronbach's a and stability is reported as a correlation between scores at ED assessment and inpatient follow-up. All available data were included for each analysis, resulting in slightly different N for different tests.
Validity. Convergent validity was assessed by estimating associations of the ED threat measure with patient perceptions of the ED itself as 1) crowded and 2) stressful, each a single-item measure assessed on a Likert scale ranging from 1 = not at all to 5 = extremely. This was tested using Pearson correlations.
Predictive validity was assessed by estimating associations of the ED threat measure with subsequent acute stress disorder symptoms using the Acute Stress Disorder Scale (ASDS) 20 (inpatient or telephone follow-up, median 4 days later; first quartile = 2.0, third quartile = 9.0, IQR = 7.0) and PTSD symptoms related to the ACS event (i.e., "cardiac-induced") using the PTSD checklist cued to a specific stressor 21, 22 (1 month postdischarge, median 45 days later; first quartile = 33.0, third quartile = 72.00, IQR = 39.0). PTSD was assessed 1 month postdischarge because a 1-month period postevent is a criterion PTSD diagnosis.
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These associations were estimated using Pearson correlations. For cardiac-induced PTSD, we additionally tested a bivariate logistic regression model with ED threat predicting presence (vs. absence) of probable cardiac-induced PTSD diagnosis.
The ASDS consists of 19 items designed to capture risk of PTSD development in the acute period following a traumatic event (i.e., prior to 1 month, at which time PTSD can be diagnosed). 20 Participants reported on acute stress symptoms in relation to the "heart problem that brought you to the hospital" (e.g., "Do you feel very upset when you are reminded of the heart problem?"). Responses options ranged from 1 = not at all to 5 = very much, and items were summed to compute a total symptom score. The ASDS demonstrated high internal consistency reliability in this sample, Chronbach's a = 0.89. Cardiac-induced PTSD (i.e., PTSD with respect to the "heart problem, ED visit, and hospitalization") was measured using the PTSD checklist cued to a specific stressor (PCL-S). 21 The PCL-S is a reliable and valid tool for assessing PTSD symptoms secondary to medical events. 6 During the course of the study, the DSM-V was released with updated PTSD criteria; these updates were reflected in the corresponding PCL-5. 22 Study assessments were updated to reflect current criteria, and items were matched across these two instruments by two trained psychologists with experience in PTSD research to create a 17-item summary score of cardiac-induced PTSD over the previous month (see Data Supplement S1 [available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10. 1111/acem.13513/full] for matched scale items). Response options ranged from 1 = not at all to 5 = extremely, and total symptom severity score was obtained by summing all items. The PCL demonstrated high internal consistency reliability in this sample, Chronbach's a = 0.95.
A dichotomous score indicating probably cardiacinduced PTSD was also created using a cutoff of ≥33. This cutoff was used in a recent meta-analysis examining the association between event-induced PTSD and cardiovascular outcomes. 7 
RESULTS
Characteristics of Study Subjects
Participant flow is detailed in Figure 1 . Because data were not collected on patients who were approached, estimates of refusal rates versus those deemed ineligible are not available. Participants were more likely to complete the inpatient/telephone follow-up if they had a confirmed ACS (i.e., NSTEMI or UA, 97.5% vs. 93.7%; v 2 = 6.43, p = 0.01), but did not differ by sex, race/ethnicity, age, or in-ED threat perceptions. Participants were more likely to complete the 1-month assessment if they had a confirmed ACS (i.e., NSTEMI or UA, 89.6% vs. 84.2%; v 2 = 5.34, p = 0.02) or were female (88.6% vs. 83.6%; v 2 = 5.03, p = 0.03), but did not differ by race/ethnicity, age, in-ED threat perceptions, or ED threat perceptions at inpatient/telephone follow-up.
Slightly more than half of the patients (N = 1,000; mean AE SD age = 60.8 AE 13.2 years) were male (54.4%) and Hispanic (54.4%) and spoke English as a first language (52.3%). Approximately half reported having a high school degree or less. Demographics for the full sample and separately by probable cardiacinduced PTSD diagnosis (score ≥ 33) are reported in Table 1 .
EFA
Exploratory factor analysis examines the underlying structure of the items and tests how they "hang together' (i.e., is there one underlying construct, or are there two or three? etc.) The one-factor solution resulted in a theoretically interpretable scale 24 consisting of seven items (loadings > 0.56). In contrast, the two-factor and threefactor solutions resulted in unclear distinctions between factors and few items (two/three in each) or factors with no items loading at 0.5 or higher; this could lead to less replicable and less meaningful scale scores. Thus, the one-factor solution was retained (seven items, with the single factor explaining 33.8% of the total item variance) representing ED threat perceptions (e.g., "I feel 
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When running the EFA separately for English-and Spanish-speaking patients, all seven items loaded above 0.5 in both groups; for Spanish-speaking patients, concerns about family and worrying that the doctors were not in control also loaded highly onto the latent factor (0.56 and 0.50, respectively). To remain consistent across groups, however, only the initial seven items were retained. Full results for the factor matrix can be seen in Table 2 .
CFA Confirmatory factor analysis tests how well a hypothesized model (i.e., factor structure) represents the ACS = acute coronary syndrome; GED = general education degree; NSTEMI = non-ST elevation myocardial infarction; PTSD = posttraumatic stress disorder; UA = unstable angina. (14) = 156.75, p < 0.001). As noted in the analysis strategy, this is not surprising, given the large sample size). [16] [17] [18] Loadings are displayed in Data Supplement S2, Fig. S1 . All loadings for ED threat perceptions were > 0.52.
Next, measurement invariance across English and Spanish versions was tested by conducting a multiplegroups CFA examining equality of factor loadings, item intercepts, and item residuals, and using effects coding to identify the model. 25 This answers the question, does the scale function in effectively the same way when administered in English and Spanish? Fit statistics are reported in Table 3 . Inspection of the unrestricted baseline model revealed that the factor loadings and means were quite similar across groups (see Data Supplement S2, Fig. S2) .
Comparing an unrestricted model that allowed loadings of the items on to the latent construct to differ across English-and Spanish-speaking patients to one that restricted all factor loadings equal produced a significant chi-square (Dv 2 (6) = 13.97, p = 0.03), indicating a degradation in model quality and suggesting that there may be differences between English-and Spanish-speaking patients regarding the relationship between the scale items and the underlying construct. However, measurement invariance should also be examined using change in fit statistics, given the sensitivity of chi-square to sample size. 16, 17 When dealing with large samples (>300), Chen 16 suggested a cutoff of change in CFI < -0.010, with >0.015 in RMSEA or >0.030 in SRMR, as indicating noninvariance of factor loadings. According to these criteria, metric invariance was tenable across groups (i.e., it is reasonable to conclude that the same latent factor, or meaning, is being captured by the items in both English-and Spanish-speaking patients). Further, inspection of the model in Data Supplement S1, Fig. S2 , revealed that the factor loadings were quite similar.
For testing invariance of intercepts (i.e., estimated mean item scores, wherein differences may indicate item response bias across groups) or residuals (i.e., unexplained item variance once shared variance with the latent construct-ED threat perceptions-is accounted for or the ability of the item to measure the construct rather than "noise"), Chen 16 proposed cutoffs of <-0.010 in CFI, supplemented with changes of >0.015 in RMSEA or >0.010 in SRMR. Although the change in CFI exceeded this value when testing invariance of intercepts, the value was not exceeded for RMSEA or SRMR, supporting scalar invariance across English-and Spanish-speaking patients. It is worth noting that testing intercept invariance is not always appropriate: if two groups can differ on the latent mean, then they will ostensibly differ on item means 26 rather than simply indicating undesirable response biases that differ across groups. Bolstering this claim, partial invariance was confirmed via chisquare deviance tests constraining three intercepts equal, but leaving four free to vary (afraid, no control, helpless, and big event). Finally, examining fit indices provided support for invariance of residuals.
Descriptives
For ease of interpretation, we report ED threat perceptions scores using mean (AESD) of items (scale sum/ seven items), so that the score can be interpreted as an individual's mean threat level. The mean of ED threat perceptions items was 1.9 at ED bedside (SD = 0.7) and 2.1 at inpatient recall (SD = 0.8), approximately corresponding to the anchor, "A little bit." For English-speaking patients, mean AE SD values were 1.9 AE 0.7 and 2.2 AE 0.8, respectively, and for Spanish-speaking patients, 1.8 AE 0.7 and 2.1 AE 0.8, respectively. Internal Consistency and Stability At ED bedside, overall reliability for ED threat perceptions was high, Chronbach's a = 0.82. This was also true at inpatient recall, Chronbach's a = 0.83. ED threat perceptions from ED self-report to recall at inpatient/telephone follow-up were relatively stable, as indicated by a strong, positive correlation (r = 0.61, p < 0.001; this was slightly stronger for English-speaking patients, r = 0.68, and for Spanish-speaking patients, r = 0.54).
Convergent Validity
As expected, greater perceptions of ED as stressful and crowded had weak positive associations with greater ED threat perceptions at ED assessment (r = 0.29 and r = 0.18, respectively) and with ED threat perceptions at recall (r = 0.25 and r = 0.14, respectively; all p-values < 0.001). For English-speaking patients, these correlations were (in the order above) 0.30, 0.21, 0.26, and 0.19, and for Spanish-speaking patients, these were 0.29, 0.15, 0.23, and 0.07.
Predictive Validity
Emergency department threat perceptions should be associated with poor psychological outcomes. Perceiving greater threat at ED assessment was associated with greater acute stress disorder symptoms at inpatient/telephone follow-up (median of 4 days later; r = 0.43, p < 0.001) and with PTSD symptoms specific to the cardiac event 1 month postdischarge (median of 45 days later, r = 0.38, p < 0.001). Similar associations were found between inpatient recall for ED threat perceptions with acute stress and PTSD symptoms (r = 0.44 and r = 0.35, p < 0.001). For English-speaking patients, these correlations were (in the order above) 0.48, 0.42, 0.47, and 0.38, and for Spanish-speaking patients, these were 0.35, 0.33, 0.40, and 0.29.
To test the association of ED threat perceptions with a positive screen for PTSD at 1 month, we estimated an unadjusted logistic regression model with PCL-S score of ≥33 as the binary outcome (positive screen = 1). For every one-point increase in mean threat perception at ED assessment (e.g., from 1 = not at all to 2 = a little bit) odds of a positive screen for PTSD were more than doubled (odds ratio [OR] = 2.83, 95% confidence interval [CI] = 2.20-3.65, p < 0.001. We found a similarly strong association with threat perceptions at recall (OR = 2.61, 95% CI = 2.04-3.33, p < 0.001. For English-speaking patients, these ORs were 2.82 (95% CI = 2.01-3.96) and 2.72 (95% CI = 1.95-3.81). For Spanish-speaking patients, ORs were 2.83 (95% CI = 1.93-4.14) and 2.45 (95% CI = 1.71-3.50; all p-values < 0.001).
DISCUSSION
This study provides the initial validation of a brief, self-report measure of ED threat perceptions developed to identify English-and Spanish-speaking patients who are at risk for cardiac-induced PTSD 1 month after evaluation for ACS. Further, this study showed the feasibility of administering this instrument in the acute care setting. The seven-item measure takes approximately 2-3 minutes to administer (via RA interview or patient-completed checklist) with minimal RA training.
The validation of a brief, standardized instrument for threat perceptions has multiple implications for research in an acute care setting. Preliminary research examining the impact of threat perceptions on psychological outcomes has highlighted the importance of threat perceptions in the etiology of cardiac-induced PTSD. For example, previous examination of some of the items in this scale have demonstrated that threat perceptions-assessed both in the ED and shortly thereafter-are associated with elevated acute stress symptoms, a precursor to PTSD, between 3 and 30 days posthospitalization. 3, 5 The use of a broadly adopted, validated assessment tool for assessing threat perceptions would permit evaluation of the relationship between threat perceptions and subsequent PTSD across multiple studies, various clinical protocols, and various patient populations (e.g., stroke, ACS). Indeed, threat perceptions are a cross-cutting experience in the ED, as evidenced by the fact that patients who have confirmed ACS and those who rule out experience similar levels of threat. 27 Furthermore, a valid and standard instrument is needed for rigorous study of ED threat perceptions. This would pave the way for research to test whether ED threat perceptions might be modifiable and, thus, a target for clinical interventions to improve patient outcomes.
The link between cardiac-induced PTSD and medication nonadherence, ACS recurrence, and mortality highlights the urgency of developing a clinical tool that can identify patients early who are at elevated risk for cardiac-induced PTSD. [7] [8] [9] [10] If ED threat perceptions are in fact modifiable, clinical interventions in acute settings may buffer or attenuate the development of cardiac-induced PTSD 14 and stress-related negative health outcomes (e.g., medication nonadherence). For example, simply reducing threat perceptions could reduce cardiac-induced PTSD incidence, and strong clinician-patient communication may block some of the negative effects of threat perceptions on psychological outcomes. 5 In this study, results suggest that an increase in threat perceptions by even one point (e.g., from "not at all" to "a little bit") more than doubled risk for cardiac-induced PTSD. In addition, the relative stability of the measure when assessing ED threat perceptions at recall suggests clinical utility, even if patients are unable to complete the measure immediately within the acute care environment.
LIMITATIONS
There were several limitations to our study. This was a single-site study limited to ED patients presenting with ACS symptoms in a New York City hospital, so findings may not be generalizable to different patient populations or across different diseases or other types of medically induced PTSD. Generalizability may also be limited by differences between the sample and patients who declined participation (i.e., selection bias); however, the direction of such bias may be toward greater distress in ED patients, as we would hypothesize that the most distressed patients may be most likely to decline enrollment. Similarly, patients were told the purpose of the study at enrollment, so it is possible that knowledge of the study's purpose could have biased results. However, because the consent form only mentioned "aspects of the ED" in general, we believe that this is somewhat unlikely.
Future research on ED quality and patient satisfaction should consider integrating this self-report measure, which is subject to reporting biases, with more varied assessments of the ED environment (e.g., objective data on ED chaos, crowding). Parsing variance due to subjective perceptions versus objectively measured environmental factors would illuminate impactful environment-based interventions. There may also be other self-report measures to capture threat (e.g., concurrent, momentary anxiety) that should be examined within this framework. Finally, at this initial stage of development, this continuous scale is primarily useful for research to estimate the association of ED threat perceptions with patient outcomes and earlyphase intervention development to test whether these perceptions are modifiable and, if so, whether changing patient threat perceptions results in improved psychological and cardiovascular outcomes. Identifying clinically significant levels of threat perceptions using a cutpoint would provide greater direction for emergency medicine providers. However, the mean of the items on the ED threat perceptions scale provides a quick indication of patients' current level of threat perceptions, and, in this study, each unit increase was associated with a more than doubled risk for subsequently screening positive for cardiac-induced PTSD. Future research that uses item response theory to identify the number of items necessary to identify at-risk patients or tests different cutpoints to improve the clinical utility of the scale (e.g., by establishing population norms) will be critical to aid clinicians in identifying patients with clinically elevated threat perceptions.
CONCLUSIONS
In sum, this validated, brief, self-report measure assessing patient perceptions of threat in an acute care setting informs both research and clinical efforts to understand the development of cardiac-induced PTSD. In addition to providing a foundation for standardized research programs across protocols and disease contexts, this brief assessment could inform clinical interventions and has practical implications: the ability to identify at-risk patients at an early point of contact in the ED and provide appropriate and targeted support to improve patient outcomes.
